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CONDUIT INSERT FOR OPTICAL FIBER CABLE 
Background of the Invention 

The present invention generally relates to tubular conduit of the type that 
5 might be employed for the housing of cables, such as fiber optic cable, coaxial cable, or the 
like. The tubular conduit may be disposed underground or within buildings, above ground, or 
aerially, across bridges for instance. More particularly, the present invention relates to a 
partitioning device, which may be inserted into such a conduit such that the conduit is divided 
into separate areas, as well as a method for installing and using such a device. Specifically, 

10 the present invention is directed toward an elongated partitioning device which is flexible, 
such that it may be inserted into a conduit which is already in place, which may already have 
at least one cable positioned therein, and which may have turns, bends, or the like therein. 

Cable, such as fiber optic communication cable, is often provided underground 
in great lengths, and may even extend for many miles. It is known in the art to bury the cable 

15 in the ground so that the area above ground is not cluttered with the cable and its respective 
support apparatus. Furthermore, by positioning the cable underground, it is more protected 
from the weather and other potentially damaging circumstances. 

It is also known in the cable art to position the cable within a conduit in order 
to more fully protect the cable in the ground. The conduit is often formed from lengths of 

20 polyvinyl chloride tubing, steel, plastic or the like, which is generally laid in the ground. A 
rope is then blown through the conduit, and the rope in turn is attached to one of the 
communication cables. By pulling the rope, the cable is drawn through the conduit. Once in 
place within the conduit, the cable is protected from damage that may be caused by weather, 
water and the like. 
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It has been found that certain rodents will sometimes gnaw through an 

underground conduit. Hence, much underground conduit is employed which has a diameter 

of two inches or more, which is large enough to impede damage from most rodents. While 

such conduit provides excellent protection for communication cable, there is also much 

5 unused or "dead" space within such a conduit. With the advent of fiber optic cables, which 

may be only a half-inch or less in diameter, there is even more dead space within an average 

conduit. 

When a conduit is in place, it may be subsequently desired to run a second 
communications cable at the same location. As such, it would be desirable from a cost and 

10 time standpoint to make use of the dead space within an existing conduit, rather than laying a 
new length of conduit. However, it has been found that it is difficult to merely insert a 
second cable into a conduit that already contains a first cable. When a rope is blown into a 
conduit already containing a cable, or a second cable is "snaked" through the conduit, they 
are often impeded by the first cable, making it impossible to insert the second cable. 

15 It has been suggested to provide a divider to be inserted into a conduit in order 

to separate the conduit into discrete sections, thus making insertion of the second cable easier. 
A problem has been encountered in that when conduit is placed over long distances, 
undulations will invariably occur therein. Also, planned curves, such as at underpasses or the 
like, will often be encountered rendering the placement of known dividers therein difficult, if 

20 not impossible. 

A need exists therefore for a device to separate or partition a conduit, such as 
an underground communication cable conduit, into discrete sections. The device must be 
capable of being inserted into a conduit that is already in place, which may undulate over 
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many miles, and which may have sharp turns therein. A need also exists for a partitioning 
device that will provide for improved use of the space within a conduit. 
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Summary of the Invention 

The present invention comprises a flexible innerduct structure 
configured to divide a cable conduit, as well as methods for inserting the innerduct 
structure and the cable into a conduit. The innerduct structure of the present invention 
5 includes a flat, flexible strip-shaped material having a width at least slightly greater 
than the diameter of the conduit into which the innerduct structure is being positioned. 
Other principal features of the invention relate to the material of which the innerduct 
structure is formed. Such features include the structure of the material, such as a 
woven structure, and further include properties such as melting point, tensile strength, 
10 elongation, coefficient of friction and rigidity. 
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Brief Description of the Drawings 

The invention shall become apparent from the description which 
follows, in view of the drawings in which: 

Fig. 1 is a perspective view of a first embodiment of the innerduct 
structure positioned within a conduit; 

Fig. 2 is a perspective view of a second embodiment of the innerduct 
structure positioned within a conduit; 

Fig. 3 is a perspective cutaway view of an embodiment of the 
innerduct structure positioned within a conduit, while a second cable is being pulled 
therethrough; 

Fig. 4 is a perspective cutaway view of an embodiment of the 
innerduct structure being pulled into a conduit simultaneously with a second cable 
member; and 

Fig. 5 is a transverse cross-sectional view of one embodiment of the 
innerduct structure, wherein the edges are folded over and sewn along each 
longitudinal side thereof. 
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Description of Preferred Embodiments 

Referring now to the drawings, the reference number 10 represents an 
insert, which may be referred to as an innerduct, to be inserted in an optical fiber 
5 cable conduit 12. As shown in Figs. 1 and 2, a single innerduct structure 10 is shown 
in a conduit 12, but it should be understood that multiple innerducts like the innerduct 
10 can be inserted in a conduit 12 depending on the number of cables to be installed 
into the conduit 12. In a preferred embodiment, the innerduct structure is a flat, semi- 
rigid, strip-shaped piece of low-friction material that is stored on a roll. As the 

10 innerduct is fed or pulled into the conduit, the innerduct bends in the transverse 

direction, conforming somewhat to the shape of the inner walls of the conduit, to form 
a divider within the conduit. It is contemplated that the width may vary from slightly 
wider than the diameter of the conduit, as shown in Fig. 2, to several times the 
diameter of the tube to form a complete, unconnected tube, as shown in Fig. 1 . 

15 The fabric material preferably is semi-rigid and pliable, allowing the 

innerduct 10 to be pulled through the conduit 12 without snagging or generating too 
much heat and also is diverse enough so that the cables separated by the innerduct do 
not interfere with each other. To this end, the innerduct structure 10 in the first 
embodiment is made from 100% plain woven nylon fabrics having a 520 denier 

20 monofilament in both the warp and fill direction woven with a pick and end count of 
38.5 which, when finished, has a 40 X 40 pick and end count. The fabric has a weight 
of 6.0 oz. yd. It is understood that the monofilament denier can vary from 200 - 1000 
denier and the pick and end could well be altered to provide the desired cover to 
prevent contact of the fiber optic cables. The innerduct 10 is manufactured in long 

25 lengths for insertion in previously installed conduits 12. As stated above, the 
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preferred yarn is 520 denier nylon 6 monofilament but another yarn, such as a 520 

denier polyester, can be used so long as it has the desired characteristics. In one 

preferred embodiment, polyester yarn is used in the warp direction, and nylon yarn is 

used in the fill direction. 

5 The innerduct 10 is manufactured in long lengths for insertion in 

previously installed conduits 12. Pull lines 26, which are preferably woven plastic 

tapes or plastic ropes, are tied to the optical fiber cables at one end and are pulled 

through the channels 14 by grasping and pulling the lines 26 at the other end, as 

shown in Figs. 3 and 4. The above described innerduct 10 is readily manufactured 

10 and provides a structure which allows optical fiber cables, coaxial cables, and the like 
to be pulled through without snagging or excessive heat build-up due to friction, and 
does not allow contact or alternation losses between adjacent fiber optic cables in 
other channels of the insert. In a preferred embodiment, the longitudinal edges of the 
innerduct structure are sealed in some manner, to prevent fraying, which could cause 

15 many problems during the installation of the innerduct structure 10 itself, or during 
the installation of cable members 150. The longitudinal edges may be sealed in any 
suitable manner, including heat-sealing the edges, ultrasonically sealing the edges, 
folding the edges over and sewing as shown in Fig. 5, or gluing and score cutting the 
edges. 

20 Fig. 3 shows an optical fiber cable 150 being installed in an innerduct 

constructed in accordance with one aspect of the invention. In one embodiment, the 
installation method comprises the steps of inserting a first cable into a conduit, then 
inserting the innerduct structure 10 together with pulling means 26 such as a pull rope 
or tape, followed by pulling a second cable 150 into the second channel using the 

25 pulling means. 
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In a second aspect of the present invention, the installation method 

comprises the steps of inserting a first cable into a conduit, then simultaneously 

pulling the innerduct structure 10 together with the cable member 150 into the conduit 

12 by using the pulling means 26. This installation method is illustrated in Fig. 4. 

5 Alternatively, the innerduct structure may be inserted into an empty conduit, together 

with a pulling tape or rope on either side of the innerduct structure. Then, after 

installation of the innerduct structure, a single cable or multiple cables may be pulled 

through the conduit using the pulling means. 

The cable 150 includes a plastic sheath 152 containing a bundle of 

10 optical fibers 154. Preferably, the innerduct 10 that receives the cable 150 is formed 
of a flexible material that is specified with reference to the plastic sheath 152 so as to 
have a melting temperature not lower than, and most preferably higher than, the 
melting temperature of the plastic sheathing material. This helps to ensure that sliding 
friction will not cause the cable 150 to burn through the innerduct when the cable 150 

15 is being pulled longitudinally through or adjacent the innerduct. In accordance with 
this feature of the invention, the innerduct structure may be formed of nylon 6 so as to 
have a melting temperature of about 220 degrees C. 

The resistance to cable burn-through can also be specified with 
reference to a pull line duct cutting test substantially similar to the test known as the 

20 Bellcore pull line duct cutting test. In accordance with this feature of the invention, 
the innerduct material is preferably specified such that a 0.25 diameter polypropylene 
rope will not burn through a test sample of the innerduct structure when pulled 
through the test sample at 100 feet per minute and 450 pounds tension for at least 90 
seconds. 
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The innerduct material may further be specified with reference to the 

material of which the pull lines are formed. In accordance with this feature of the 

invention, the innerduct material and the pull line material preferably have respective 

values of elongation percentage that are substantially equal for a given tensile load. If 

5 elongation of the innerduct differs substantially from that of a pull line, one of those 

structures may lag relative to the other when they are pulled together through a 

conduit in which they are to be installed together. The elongation percentages of the 

layer material and the pull line material are preferably not greater than about 75 

percent at a peak tensile load, i.e., just prior to tensile failure, and are preferably 

10 within the range of about 15 to about 60 percent. A more preferred range extends 
from about 25 to about 40 percent. For example, nylon 6 is a preferred material and 
has an elongation of about 40 percent at a peak tensile load. Polyester is another 
preferred material and has an elongation of about 25 percent at a peak tensile load. 

The innerduct layer material should be rigid enough to resist collapsing 

15 upon itself or bunching up under the influence of the pull lines and cables, but also 
should be flexible enough to be pulled easily through turns and undulation in the duct 
in which it is installed. 

The coefficient of friction also can be specified for the innerduct 
structure material in accordance with the invention. In accordance with this feature of 

20 the invention, the innerduct material preferably has a dry static coefficient of friction, 
based on high density polyethylene on the material with a longitudinal line of action, 
within the range of about 0.010 to about 0.500. This range is more preferably from 
about 0.025 to about 0.250, and is preferably from about 0.035 to about 0.100. For 
example, a woven innerduct layer having polyester warp yarns and nylon 6 fill yarns 

25 was found to have a dry static coefficient of friction, based on high density 
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polyethylene on the material with a longitudinal line of action, of 0.064. A similar 
material having heat set polyester warp yarns had a corresponding coefficient of 
friction of 0.073. A material having heat set polyester yarns in both the warp and fill 
directions had a corresponding coefficient of friction of 0.090, and a material having 
5 nylon 6 greige yarn in both the warp and fill directions had a corresponding 

coefficient of friction of 0.067. These coefficients of friction differed for transversely 
directed lines of action on the four foregoing materials and were, respectively, 0.085, 
0.088, 0.1 10, and 0.1 10. The dynamic or sliding coefficients of friction for these 
materials, again based on high density polyethylene on the material with a 

10 longitudinal line of action, were found to be 0.063, 0.56, 0.058, and 0.049, 

respectively. The transverse counterparts to these dynamic values were 0.064, 0.067, 
0.078, and 0.075, respectively. Although these tested values of sliding coefficient of 
friction are most preferred, the invention comprises broader ranges such as the range 
from about 0.0050 to about 0.1250, as well as an intermediate range of about 0.0075 

15 to about 0.0625, and a narrower range of about 0.0100 to about 0.0250. 

Other features of the invention relate to the tensile strength of the 
innerduct material. In an innerduct constructed in accordance with the invention, the 
structure preferably has a longitudinal tensile strength of at least about 12.5 pounds 
per inch of width. The longitudinal tensile strength of the structure may be within the 

20 range of about 12.5 to about 300 pounds per inch of width, and more preferably is 
within the range of about 50 to about 250 pounds per inch of width. However, the 
longitudinal tensile strength of the structure is most preferably within the range of 
about 100 to about 200 pounds per inch of width. For example, the innerduct 
structure may be formed of a woven fabric having both warp and fill yarns formed of 

25 nylon 6, with a longitudinal tensile strength of about 150 pounds per inch of width. 
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The invention has been described with reference to preferred 

embodiments. Those skilled in the art will perceive improvements, changes and 

modifications. Such improvements, changes and modifications are intended to be 

within the scope of the claims. 
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